INTRODUCTION
The possibilities for the isolation of nuclei from different types of fungi have been studied for a long time. Yeasts, and especially Saccharomyces cerevisiae, have been the objects of most
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investigations (for reviews, see [1, 2] ). There are fewer reports of such work on filamentous fungi, but examples include Physarum polycephalum [3, 4] , Neurospora crassa [5] and Fusarium solani [6] . Gealt et al. [7] succeeded in purifying nuclei from Aspergillus nidulans hyphae, but an efficient method of using protoplasts for the isolation of Aspergillus nuclei has not been reported.
MATERIALS AND METHODS

Microorganism
A haploid auxotrophic strain of Aspergillus nidulans (SZMC 1157: y, PABA-, lys-)was used. It was produced by UV-irradiation from A. nidulans R21 (PABA , y; Hebrew University, Jerusalem).
Protoplast formation
A conidial suspension harvested from a culture grown on malt-extract agar for 3 days at 30°C was filtered on a G2 sintered-glass filter and used for inoculation (10 5 conidia m1-1 of growth medium). Protoplasts were formed from mycelia grown in minimal medium (1% glucose, 0.5% (NH4)2S04, 0.1% KH2PO4, 0.05% MgSO 4) supplemented with 50 ~g/ml lysine, 30 ~g/ml p-aminobenzoic acid and Wickerham's vitamin solution [8] , cultivated on a rotary shaker (200 rpm) at 30°C for 1 day. Mycelia were harvested, washed twice with 0.7 M KCI and incubated in a solution of protoplast-forming enzyme (Boehringer, Mannheim, F.R.G.), 15 mg/ml in 0.7 M KC1, with gentle shaking at 30 °C for 1.5 h. The mycelial debris was removed by filtration (G2 sintered-glass filter) and the protoplasts were collected and washed twice in 0.7 M KC1 by centrifugation (1500 x g for 5 min). Protoplast yields were determined by light microscopy using a haemocytometer.
Isolation of nuclei
The protoplasts were suspended in homogenization-buffer A to give a final concentration of 108 protoplasts m1-1. The composition of this buffer was a modification of that used by Kamimura et al. [9] and contained 7.5% Ficoll (Pharmacia Fine Chemicals), 10% glycerol, 30 mM N-2-hydroxyethylpiperazine-N '-2-ethanesulphonic acid (HEPES) pH 7.0, 2 mM MgCI 2, 1.5 mM phenylmethylsulphonyl fluoride (PMSF) and 1 M sorbitol. All subsequent manipulations were carried out at 0-4 ° C. The protoplasts were disrupted by French Press (American Instrument) treatment at 3000 pounds per square inch (psi). This homogenate was diluted twofold with buffer A and centrifuged at 14500 xg for 20 min. The resulting pellet was suspended in 3 ml of homogenization-buffer B (16% Ficoll, 5% glycerol, 30 mM HEPES pH 7.0, 2 mM MgC12, 1.5 mM PMSF and 0.5 M sorbitol) and was gently homogenized in a glass Dounce-tissue grinder (clearance: 0.06-0.14 mm, Wheaton). This homogenate was over layered onto a Nycodenz (5-(N-2,3-dihydroxypropylacetamido)-2,4,6-triiodo-N,N'-bis(2,3-dihydroxypropyl )isophthalamide, Nycomed Pharma) density gradient prepared by diffusion [10] . For this, 4.2, 4, 4, 4 and 3 ml volumes of 8.75, 17.5, 21.88, 26.25 and 35% Nycodenz dissolved in buffer B (without PMSF) were overlayered and allowed to diffuse in the vertical position at 20°C for 1 day. The crude homogenate was centrifuged on this gradient at 85 000 x g for 1.5 h in a swing-out rotor (SW-35, VAC 601, Janetzki). The nuclear fraction collected was subjected to microscopical, biochemical and microbiological analysis.
Microscopy
The isolation of nuclei was followed by fluorescence microscopy with a Jena Zeiss Jenalumar microscope (exciter filters U205g and B228g, barrier filter G251). Mithramycin [11] at a concentration of 200 tzg/ml or 4',6-diamidino-2'-phenylindole (DAPI) [12] at a concentration of 2 ~zg/ml was used for nuclear staining. Prior to staining, the protoplasts were fixed with increasing concentrations of glutaraldehyde (1.25, 2.5 and 5%). Isolated nuclei could be stained without fixation.
Specimens for electronmicroscopy were fixed with 2.5% glutaraldehyde for 2 h, postfixed with 1% OsO 4 for 1 h, contrasted with uranyl acetate and embedded. Sections were examined with a Tesla 2000 electron microscope.
Determination of chemical composition
For the extraction and determination of nucleic acid and protein contents, a similar protocol to that suggested by Herbert et al. [13] was followed. Briefly, the samples were mixed with icecold perchloric acid (PCA, final concentration 0.25 M) for 25 min. After centrifugation, the precipitates were washed once in 0.5 M PCA, once in 95% ethanol and again in 0.5 M PCA. The nucleic acid content of the precipitate was extracted twice for 20 min with 3 ml of 0.5 M PCA at 85 o C. The DNA content was determined by the diphenylamine method [14] , and the RNA content by the orcinol method [15] . The protein was dissolved from the rest of the sample with 1 M NaOH at 60 °C for 1 h. The protein content was measured according to the method of Bradford [16] .
Glucose-6-phosphate dehydrogenase (G6P-DH) assay
G6P-DH in the protoplast homogenate and nuclear fraction was assayed spectrophotometrically as described elsewhere [17] .
7. Determination of viable cell counts
The numbers of viable protoplasts in the different fractions after the final centrifugation were determined by regeneration in osmotically stabilized agar overlays [18] . For counting of intact hyphal fragments, the same system without osmotic stabilization was applied. 249 
RESULTS AND DISCUSSION
The isolation of fungal nuclei from intact ceils requires mechanical forces high enough to be deleterious for liberated organelles. The use of protoplasts in place of intact cells allows a milder treatment for disruption. However, in this case the new problem of getting protoplasts in large enough quantities for further manipulations may arise [19] .
The protoplast formation protocol described here for Aspergillus nidulans allowed the production of a bulk amount of protoplasts. 1-4 × 10 9 protoplasts could be obtained from the mycelia produced in 5 flasks. Preliminary experiments indicated that 100% protoplast disruption could not be achieved without the loss of the bulk of the nuclei. This means that under optimal cell-disrupting conditions a certain percentage of the protoplasts always remained in the crude homogenate (in this case 0.01-2%). This is why differential pelleting steps rarely result in a cell-free nuclear fraction.
After centrifugation on the Nycodenz gradient, the nuclear fraction could be observed as a diffuse band at the middle of the centrifuge tube (Fig. 1) . The few viable protoplasts with some other cell constituents floated at the top of the gradient, while hyphal fragments (intact cells) were situated near the bottom. The fluorescent staining of isolated nuclei and those in hyphae and protoplasts revealed the same morphology (staining, size and shape) (Fig. 2) . Similarly, this good retention of morphological characteristics could be observed by electron microscopy. As one aim of this study was to isolate nuclei suitable for karyoduction (nuclear transfer), the number of intact protoplasts able to regenerate had to be checked. These regeneration experiments demonstrated that the nuclear fraction was practically free of protoplasts. Similarly, only 0.8-1.1% of the total G6P-DH (the marker enzyme of the cytoplasm) activity appeared in the nuclear fraction. The purity of the nuclear preparation was checked by determination of its relative chemical composition. A comparison of these results with some previously published ones revealed a good similarity (Table 1) . These ratios are indicative of the low cytoplasmic contamination of the isolated nuclei. The DNA measurements indicated that the average yield of the isolations was 26%, somewhat higher than with the method of Gealt et al.
[51 (18%). Extractions and colorimetric assays of these macromolecules were carried out as described in MATERIALS AND MEXHODS. Because of the low amount of contamination and the good state of the isolated nuclei, the described protocol is potentially useful for studies on fungal nuclei, including genetic transfer by karyoduction [21, 22] .
